Abstract: In intensively cultivated landscapes, the effects of land use -changing habitat quality and habitat availability -on wildlife populations are of major importance for wildlife management. Populations of some species reach high densities, grow rapidly, and can therefore cause damage to tree regeneration in forests; chamois (Rupicapra rupicapra) is an example. Other species, like capercaillie (Tetrao urogallus), suffer from substantial habitat loss resulting in a population decline. Consequently the number of individuals and the quality of habitat are of crucial relevance for the development of wildlife management concepts. It is critical to know, which areas provide suitable habitat conditions for a species, and what quantity and quality of habitat is required to achieve a certain population size. In order to evaluate habitat quality and to link wildlife research to practical habitat management, an integrated habitat management model has been designed. The model is based on a multidimensional habitat analysis which employs different methodological levels, which were defined according to different spatial scales. On a country scale (level 1), the wildlife ecological landscape type (WELT) is introduced. For this study the federal state of Baden-Wuerttemberg is divided into units which represent distinct regions with similar landscape ecological habitat conditions for wildlife species. On an eco-regional scale (level 2),the landscape ecological habitat potential (LEHP) was developed. It is based on the evaluation of species-related landscape parameters within an exemplary eco-region and provides information about the potential habitat available to a population. On two local scales (level 3:forest district, level 4:forest stand),a habitat structure analysis was conducted, which serves as a foundation for habitat improvement and the monitoring of habitat conditions. The three methodological elements WELT, LEHP and habitat structure analysis were integrated into a habitat management model. The model uses chamois and capercaillie as examples, but can be equally applied to other species and wildlife management regimes. 
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Introduction
The countryside of Central Europe is characterised by human influences, transformed into a cultivated landscape which reduces the area suitable for wildlife habitat. Various degrees of land management and changes in land use result in heterogeneous landscapes with shifting habitats and losses of habitat quality and availability (Hinsley et al. 1995) . Fragmentation of the landscape due to infrastructural expansions and the influence of tourism cause habitat isolation. Reduced accessibility and habitat availability lead to a continuous loss of undisturbed wildlife habitats (Suchant 1999) .
The densely populated area of Germany serves as a representative example for intensively managed land where the targets of anthropogenic land use severely compete with the habitat needs of wildlife species. Specific adaptation strategies are required for species survival. Some species are widespread and reach high population densities but cause various damages to the forest vegetation, e.g. browsing damage by chamois or roe deer, and damage due to bark stripping by red deer. Agricultural loss caused by wild boar is another example (Donaubauer et al. 1990; Putman 1996; Reimoser et al. 1997) . Other species, known as "culture-adapted" species, also reach high densities but aggregate the spread of epidemics, e.g. the red fox (Angelstam et al. 1984; Wilcove 1985; Askins 1995; Kaphegyi 1998) . On the other hand, there are wildlife species, such as the forest grouse, which are endangered and close to extinction (Scherzinger 1991; Angelstam 1992) . Because of their specific indicator value for habitat-quality such threatened species are often treated as flagship, umbrella, or keystone species, which represent habitat structures rich of species (Simberloff 1998) .
Modern wildlife management concentrates on species protection (e.g. protection from hunting, designation of protection areas) or population regulation (hunting). Both measures are separated from land management. Consequently, conflicts arise between wildlife management and protection on the one hand, and the utilisation of the land for tourism and economic exploitation on the other hand (Suchant 1999) . The success and the sustainability of those conventional wildlife management practices are arbitrary; sudden decreases in population size or the shrinking of animal ranges cannot be explained, compensated for or prevented. No management concept is available, combining wildlife and species protection with spatial and regional planning. Therefore, land management practices cannot be harmonised or modified according to the requirements of both, wildlife and anthropogenic land use.
Considering the difficulties in assessing population size and species abundance, habitat availability and habitat quality could be the key factors for management plans and landscape ecological investigations (Hinsley et al. 1995; McGarigal & McComb 1995; König & Linsenmair 1996) . If the location, abundance and quality of habitat are known, population density, exchange between sub-populations, and habitat use of individual animals can be construed -and thus, managed. Both, the damages resulting from extreme population densities on the one hand, and the reduction of biodiversity caused by the decrease of populations or even species extinctions on the other hand, can only be investigated on the basis of information about the quality and availability of habitat and of its dynamics. Therefore, a methodological framework for a wildlife management system is needed: the habitat requirements of a population are to be linked with the habitat quality and availability, which can be influenced by improved land management practices.
Most viable wildlife populations do not require optimal habitat conditions within the maximum area available. As an example Angelstam (2002) shows, that for black grouse (Tetrao tetrix) the availability of only 24% of the optimal habitat within a given district can be sufficient. Furthermore, the interpretation of "optimal" depends on the seasonal requirements of the species and includes a mosaic of more or less suitable habitats that may even fluctuate under the influence of natural (e.g. storm, stand development) and managed (e.g. harvesting, reforestation) conditions.
Habitat models can be an appropriate tool to understand such systems (e.g. Brennan et al. 1986; Hammill & Moran 1986; Gray et al. 1992) . Usually, those models describe the relationship between habitat variables or habitat types and the habitat use of a selected species (Hammill & Moran 1986; Laymon & Barret 1986; Moeur 1986; Schamberger & O'Neil 1986; Teegelbekkers 1994; Askins 1995; Short et al. 1995; Boroski et al. 1996; Doan et al. 1997 ). The objective of such studies is to detect the factors determining the habitat use of a species. Although some habitat models integrate different spatial scales (Hamel et al. 1986; Hagan & Meehan 2002; MacFaden & Capen 2002) , the application of most models in forest and wildlife management is still limited (O'Neil & Carey 1986) . Beyond knowing the reasons for species abundance in a certain habitat, it is necessary for the manager to comprehend how the habitat requirements of a species can be met, while complying with anthropogenic objectives at the same time (e.g. timber supply, tourism, hunting).
This study presents a habitat analysis which differentiates between four geographically defined working levels (country, eco-region, district, stand). Species-related habitat requirements are identified according to the geographic scale and the availability of landscape ecological data. The objective is to define and locate areas where wildlife management will presumably be most successful and to provide target values for the abundance of suitable habitat structures. The concept of mvp (minimum viable population) (Hovestadt et al. 1992 ) is integrated, and upgraded by the area requirements of a specific mvp-level. Chamois (Rupicapra rupicapra) as a "damage species" and Capercaillie (Tetrao urogallus) as a "conservation species" were chosen to illustrate the potentials of the model and to deduce implications for future management implications.
Methods

Scaling system
Since scientific literature is inconsistent with regard to the distinction between local and landscape scale, this study is based on a scaling system that defines four dif-ferent spatial levels (Figure 1) . At the country level (level 1, referring to administrative borders), which refers to the largest landscape scale, an analysis of wildlife-related landscape ecological conditions was conducted. The eco-regional level (level 2) investigates the potential suitability of a given landscape for the survival of a selected species. The remaining two levels, the district and the forest stand level are important for the planning, the implementation and the assessment of success with respect to specific wildlife management measures. The district level (level 3) refers to a management-related area, often represented as forest management districts. The microhabitat or forest stand (compare Hagan & Meehan 2002) represents level 4. At level 3 the mapping results of level 4 (mosaic of forest stands, habitat patches) can still be made out in detail.
Target species "The most important task in wildlife management is to choose the right goal and to know enough about the animals and their habitat to assure its attainment" (Caughley & Sinclair 1994) . Two species were selected as target species to show how a multidimensional habitat analysis can be used to gain a better understanding of the wildlife/habitat relationships and to achieve integrated management. In order to consider the requirements of ungulate management, the chamois (Rupicapra rupicapra) was chosen. This species is a browsing herbivore, depends heavily on specific habitat structures, and needs intensive management within central Europe because ungulate-vegetation interactions cause conflicts between foresters, hunters and conservationists.
The second target species is the capercaillie (Tetrao urogallus), which is often used as an indicator, umbrella or keystone species, e.g. for biodiversity (Suchant 2002) . In Central Europe the capercaillie is an endangered species and a conservation action plan has been formulated (Storch 2000) . However, the plan does not identify priority areas, nor does it define specific measures to improve the habitat quality. For the capercaillie in the Black Forest, with an abundance of about 600 birds in an area of roughly 600 km 2 , a comparatively large amount of habitat information is available (Suchant 2002) .
Study area
At the country level, the federal state of Baden-Wuerttemberg was chosen as the administrative border for this study (Figure 2 utilisation, which is typical for Central Europe. Settlements and roads cover 13.2% of the total area, 46.8% is used for agricultural purposes, and the proportion of forested area amounts to about 38%. For this area, a classification of wildlife ecological landscape types (WELT) is introduced. It is intended to identify the different requirements that the planning of wildlife ecological management has in different landscapes.
The "Black Forest" eco-region (Aldinger et al. 1998 ) was chosen for level 2 because the selected target species are abundant in this region. The Black Forest represents a typical Central European forested mountain range. Two thirds of the total area (~7,000 km 2 ) are forested. Dominating tree species are Norway spruce (Picea abies, 49%) and European silver fir (Abies alba, 19%). Scots pine and Douglas fir are less abundant (Pinus silvestris, 7%; Pseudotsuga menziesii, 4%). Among the broad-leaved species, beech (Fagus sylvatica) is most common. The macroclimate of the study area is influenced by elevational gradients, with mesoclimatic deviations depending on topography and exposure. The elevation ranges from 120 m to 1,493 m above sea level, with an average annual precipitation of 700 mm in zones <400 m a.s.l., and up to 2,200 mm in zones >900 m a.s.l. The average annual temperature lies between <6 °C in high altitudes and 10 °C in the foothills. At lower altitudes the growth period lasts 185 days, which is twice as long as at higher altitudes. The average snow cover in the foothills lasts for only 23 days, and up to 165 days at higher altitudes.
Within the Black Forest -on the local scales -three test areas, each of them roughly 7,000 ha in size, were chosen. The main proportion of the area is forested, which is typical for the central Black Forest. The northern test area covers an area of 7,487 ha, which is almost completely forested. The elevation ranges from 500 m a.s.l. in the eastern parts to 800~900 m a.s.l. along western boundary, following the main mountain ridge. In the central test area, only 84.3% of the area's 7,722 ha are covered with forest, which results in a mapped area of 6,509 ha. About 29% of the total area lies above 1000 m a.s.l. (range: 450-1155 m a.s.l.). The southern test area surrounds the highest mountain of the Black Forest, the Feldberg (1,493 m a.s.l.). The lowest valleys are roughly 630 m a.s.l.. The total area comprises 8,471 ha. The peaks of the highest mountains are unwooded, so the mapped area covers only 79.5%, i.e. 6,737 ha.
Wildlife ecological landscape type (WELT, level 1)
The landscape structure of Baden-Wuerttemberg was investigated using land use data for each of the state's 112 eco-regions (sub-units of "forest ecological growth regions"; Aldinger et al. 1998 ) and 21 climatic types (Schlenker 1987) . LANDSAT 5 data (Jacobs & Sties 1995) were used to analyse the spatial distribution of land use types, and ATKIS data (Official Topographic and Mapping Information System) from the Land Survey Office provided the information about the infrastructure (road system, settlements). The structure of the forested area within each eco-region was analysed using Patch Analyst (Elkie et al. 1999) . Several fragmentation indexes (edge length, patch density, and size of forest core areas) were investigated Table 1 . Thresholds for selected landscape structure parameters used to derive the species-specific landscape ecological habitat potential for chamois and capercaillie (including references).*) = "high montane" according to Suchant (2002 Suchant (2002) and grouped into four factors using Principal Component Analysis (StatSoft 1999). In addition, area statistics for several road categories, intensive agriculture, settlements/urban areas, and climatic zones were calculated for each eco-region. The eco-regions were then grouped according to similarities regarding the investigated land use parameters (WARD cluster, StatSoft 1999).
Landscape ecological habitat potential (LEHP, level 2)
The high degree of uncertainty concerning the availability and condition of habitats on the landscape scale, combined with the complexity of the species' requirements, demand efficient species-specific habitat evaluations and awareness of habitat abundance (Asche & Schreiber 1995; Blaschke 1996) . In order to investigate the LEHP, two information sources were combined: geo-data on topography and land use pattern, as well as species-specific habitat requirements ( Figure 3 , Table 1 ). A digital elevation model (State Survey Office 1994) provided the data on the topography of the study area "Black Forest". Exposure and slopes were evaluated with IDRISI (Clark Labs 1997).
The land use pattern (forested and agricultural areas, settlements, urban areas) was extracted from satellite images (LANDSAT 5) and ATKIS data (Official Topographic and Mapping Information System). Digital aerial photographs (1:10,000) were used to verify the remote sensing data. The linear infrastructure was derived from a road map (Ministerium für Umwelt und Verkehr Baden-Württemberg 1985: Straßenkarte von Baden-Württemberg, 1:200,000) and combined with a traffic frequency map using ESRI ArcInfo. The species-specific landscape parameters were selected on the basis of an extensive literature research and expert questionnaires (Table 1) . In order to connect geo-data to species-specific requirements, the proportional abundance of specific landscape parameters were calculated in relation to a species' home range size (see Figure 3) . In a first step, the land use data were converted into a 50 × 50 m grid. For each grid cell, the proportional value of each variable (compare Table 1 ) within a circle, equal to the target species' home range size (e.g. 100 ha for capercaillie), was calculated. This way it was possible to correlate the habitat situation at a certain point to the conditions of the surrounding area. According to the thresholds given in Table 1 , the resulting values assigned to each pixel were classified as to whether the requirements for habitat potential are met or not. Thus, the landscape ecological habitat potential (LEHP) represents all grid cells for which the relevant parameters needed within the target species' habitat were fulfilled simultaneously. The method is based on the assumption that LEHP identifies the area where the landscape ecological conditions are favorable to a certain species. However, the landscape outside LEHP could also be inhabited by individuals e.g. due to population dynamics (e.g. large population size and high migration pressure) or because of anthropogenic influences (e.g. hunting regime or change of habitat structure by management).
Habitat structure analysis (levels 3 and 4)
In order to assess the habitat quality on the local scale, three test areas (level 3) were established which are representative for the Black Forest eco-region. Within these test areas selected habitat parameters were recorded for each forest stand (level 4), each represent- ing a habitat patch sized between 1 ha to 50 ha. The forest management unit level was chosen because forest inventories as well as silvicultural measures refer to this planning unit. The following structural habitat parameters were mapped at level 4: forest stand type, canopy closure, age class, species mixture, successional stage, stand height/vertical stratification, ground vegetation, cover and height of blueberry, and natural regeneration. At level 3, aerial photographs were used in addition to the stand-related habitat maps, to provide information about the forest stand mosaic, occurrence of forest gaps, and linear structures. This approach provides data on different habitat-parameters that are primarily independent of a species. According to the research target or wildlife-management aim these data can be evaluated concerning species-specific requirements (for example winter forage availability for chamois) or can be combined to assess the habitat suitability.
Areas with available winter forage for chamois were delineated according to the presence of broad leaved forage trees, which are taller than the average depth of the snow cover (50 cm) but below the chamois' reach (200 cm).
In order to evaluate the habitat suitability for capercaillie, the mapping results for selected habitat parameters were incorporated into a species-specific evaluation matrix (Suchant 2002) . This matrix defines various ways of combining the parameters, each assessing and evaluating the habitat quality in a specific context: for grouse females and males, and for the summer and winter habitat (Table 2 presents the evaluation matrix of the suitability of the summer habitat for capercaillie males).
The digital acquisition and evaluation of the spatial data at levels 3 and 4 was conducted with ARC/INFO (ESRI), IDRISI, and STATISTICA (StatSoft). The transcription of the evaluation matrix (Table 2) was done by employing the STATISTICA-internal programming language STATISTICA BASIC.
Target-values -example capercaillie
Wildlife management requires measurable objectives for conservation or improvement of habitat structures. For the definition of target values, species-specific parameter thresholds are necessary. On the basis of a systematic survey of the capercaillie abundance since 1993, and available historical data about the abundance in 1902, species-relevant habitat parameters were identified, and threshold values (in terms of the proportion of area where a parameter is given) needed for a successful inhabitancy by capercaillie were determined. For that purpose, forest patches presently inhabited and not inhabited were compared. Those permanently inhabited since 1902 and meanwhile abandoned, were compared as well. Differences between habitat parameters of each comparison were tested using the Man-Whitney U-test (p < 0.05). Correlations between the investigated parameters were expressed by the Pearson's correlation coefficient. Threshold values were derived using logistical regression, and were then compared to the required proportion of suitable habitat.
The minimum threshold for the proportion of suitable habitat that is required by capercaillie was derived from a comparison between the proportion of suitable habitat in each of the three test areas, and the actual capercaillie abundance. The abundance of capercaillie in each test area was determined by means of continuous intensive monitoring that observes direct and indirect proof of the species' presence at the forest stand level (level 4); for detailed information see Suchant 2002 .
Results
Wildlife ecological landscape types (WELT, level 1)
The multivariate analysis brought forth 12 clusters, each of them interpreted as a structural unit, which Table 2 . Evaluation-matrix to assess the habitat suitability concerning forage (a) and protection (b) for capercaillie males in summer (all "and", and at least one "or" parameter need to be fulfilled). scale (e.g. a single eco-region), additional information about a species' population size, distribution, and spatial movement is necessary in order to verify the wildlife-related interpretation of the investigated landscape structures at country level.
Regional patterns regarding the distribution of habitat space and the interconnection of cultivated plots of land are clearly visible (Figure 4) . For example, intensive agricultural areas in immediate proximity to large forest core areas without buffer zones, such as grasslands and adjoined forest patches (type 4.2), produce different general conditions for wildlife management than areas with a dense mosaic of forest patches and grasslands over wide areas (type 5). The study area "Black Forest" is dominated by two WELT-types (4.4 and 4.3) which are characterised by a low impact structure of the landscape with large forested areas. Due to the low impact by urbanisation and industry, both wildlife ecological landscape types represent a valuable refuge for a substantial number of wildlife species, including the selected target species.
Landscape ecological habitat potential (LEHP, level 2)
A multi-dimensional GIS model was developed in order to identify the habitat potential of a given landscape on the basis of a combination of regionalised species-specific landscape ecological habitat parameters (compare Table 1 ).
For example, the primary landscape ecological habitat factors for capercaillie are large forest core areas in high altitudes without roads and settlements. Figure 5 presents both the habitat potential and the present abundance of capercaillie. Concerning landscape ecology thirteen percent (13%) of the forested area of the Black Forest, equal to almost 58,000 hectares, is potentially suitable for capercaillie. Despite the low degree of fragmentation at the country level (level 1), the LEHP potential habitat appears to be quite patchy. Especially in the central Black Forest, the potential habitat is separated into a northern and a southern "sub"habitat caused by the Kinzig river valley, a relatively large corridor consisting of settlements and highways (see Figure 5) . This fragmentation is also reflected by the abundance of capercaillie. However, there is a substantial proportion of LEHP which is not occupied by capercaillie (47% or 27,000 ha). In contrast, around 25,000 ha of the Black Forest are inhabited by capercaillie, although this area was not mapped as LEHP.
The habitat potential for chamois amounts to 7,026 ha (~2% of the forested part of the Black Forest), which is typified by steep terrain (>30°) and/or rock formations above 700 m above sea level, and forest area bordering on grassland (Figure 6 ). The discrepancies between model results and the actual distribution then provides 12 so-called wildlife ecological landscape types (Figure 4) . In order to make the results accessible to regional planners and land use managers, the 12 WELT-units were summarised into five groups depending on the types of land use and the degree of fragmentation (Table 3) . Details concerning the results can be found in Suchant & Baritz (2001) .
Regional landscape-ecological patterns were discovered, using information about fragmentation, edge effects, density and size of forest core areas. These patterns cannot only be perceived visually, but are also reflected in the Patch Analyst statistics. Although eco-regions were used as an a priori stratification of the landscape of Baden-Wuerttemberg, it was found that these landscape units represent specific landscape ecological structures. The regional differences become even more pronounced when area statistics of forest types are included (proportion of conifer, broad-leaved and mixed forest types).
The density of linear infrastructure correlates greatly with the area covered by settlement and the area utilised for agricultural purposes. However, if solely area statistics are used, the fragmentation-effects of these structures can only be roughly estimated for Baden-Wuerttemberg as a whole. With a decreasing Table 3 ). of chamois are large: only 30% (2,094 ha) of the LEHP is occupied by chamois, while outside the LEHP, an area of 18,789 ha is inhabited.
Habitat structure analysis (level 3 and 4)
The availability of forage to chamois in winter is illustrated in Figure 7 (example southern Black Forest test area). The map shows the distribution of forest stands, characterised by plantations and natural regeneration of deciduous tree species, which are not covered by snow under average winter conditions. These parameters are assumed to reflect the nutritional needs of the chamois during wintertime. The even distribution of the patches suggests -assuming a mean home range size of approximately 300 ha for chamois in winter (Bögel 2001 ) -that forage is available throughout the whole test area. In order to consider aspects of quality and quantity of the forage as well, the factor "forage availability" can be combined with the level 4 parameters "cover of regeneration" (as an indicator for forage quantity) and "dominating tree species" (as an indicator for forage quality) (results are not presented here). The assessment of habitat suitability for capercaillie provides an example for joining selected habitat parameters using an evaluation matrix. Figure 8 shows the habitat quality of the southern Black Forest test area for capercaillie males in summer. Optimal conditions are found in 33% of the area and represent forest stands where the requirements regarding forage and protection are met. Unsuitable conditions prevail in 9% of the forest stands where both parameters are lacking. 58% of the area is characterised by neutral habitat quality, with only one of the essential habitat properties fulfilled.
Target values -example capercaillie
Although not all of the investigated forest stands provide optimal living conditions, the test areas have been inhabited by capercaillie for decades. In accordance with the minimum threshold of "optimal" habitat found in other investigations (Storch 2000; Angelstam 2002 ), a minimum proportion of roughly 30% optimal habitat was calculated for each test area after comparing species distribution and habitat suitability (Suchant 2002) . The 30% threshold of optimal habitat also results, if the distances between neighboring "optimal" habitat patches (e.g. minimum distance of suitable habitat patches within the average home range) are considered: in a district with a share of less than 30% optimal habitat, the distances between suitable patches become too long, the cost/distance relation turns negative and the danger of predation increases. This assumption implies a random distribution of suitable for- est stands which was found to exist in all three study areas in the Black Forest. Forest patches that were inhabited by capercaillie provided a higher proportion of open canopy and, corresponding to that, a higher edge length density and less dense structures. They were characterised by a higher percentage of ground vegetation, especially of blueberry providing a better protection against predators in summer. Table 4 presents the level 3 thresholds for the relevant parameters in relation to the total amount of suitable habitat. For example, suitable habitat on 30% of the total area requires open structures on 10%, opened canopy on 20%, spruce/pine stands on 10%, and a sufficient ground vegetation cover (> 40%) on 66% of the area. An edge line density of 50 m/ha should be given and the area proportion with dense structures should not exceed 30%. Additionally it was found, that for a suitable wildlife habitat not only the percentage of a certain parameter is important, but also its spatial distribution and the combination with other parameters (Suchant 2002) . These results represent the local scale data needed for the later development of a habitat management model for capercaillie.
Integration of WELT, LEHP and habitat structure analysis into a multidimensional habitat management model
The concept of a habitat management model is introduced here as a useful tool to integrate habitat analysis into wildlife management. The rationale behind the development of such a model is, that knowledge about the habitat affinity of a given species and the availability of suitable habitat will supply information about the minimum size and quality of suitable habitat required. This approach enables the identification of the amount and the location of deficit areas which need habitat improvement. In contrast to other species-habitat models, detailed information about the actual species abundance is not required. However, information about the abundance of suitable habitat in a given district is necessary.
On the basis of the scale-related habitat analysis, a habitat management model for the capercaillie was developed. The model processes information on habitat conditions for individuals of the species (habitat structure analysis, or habitat mapping) as well as for the whole population (LEHP and area needed for mvp). In addition, the model's assumptions (e.g. target values) could be validated using accurate information about the abundance of capercaillie. Figure 9 shows the model structure. The following steps represent the hierarchical order of the model: 1. At the country level (level 1), i.e. within BadenWuerttemberg, the specific wildlife ecological landscape types must be selected, which are suitable to provide a habitat for a metapopulation of the target species. This study investigates the "Black Forest" eco-region (mainly WELT types 4.3 and 4.4, compare Figure 4 and Table 2) because it is still populated by capercaillie with a population size (600 birds; Suchant 2002) assumed to lie above the minimum size of a viable population of 500 birds (Storch 2000) . 2. Within the eco-region (level 2), the location of areas fulfilling the criteria of the landscape ecological habitat potential for the target species (e.g. high-montane, densely forested areas for capercaillie) have to be identified. For the Black forest an area of 59,000 ha was determined (see Figure 5 ). 3. In the next step, the accessible habitat potential should be calculated from the landscape ecological habitat potential. This includes those habitat patches that can actually be reached by the individuals of a species. For capercaillie it can be assumed that if the distance between patches of the potential habitat does not exceed 20km within a mainly forested region, they can be colonised or inhabited (Klaus et al. 1989; Ménoni 1991; Rolstad 1989; Storch 1993) . In the Black Forest that is dominated by woodland, the distance between all LEHP-patches is less than 20 km, meaning that the delineated LEHP is identical with the usable potential. 4. The population size required for species survival must be defined in order to estimate the proportion of required optimal habitat. The minimum size of a viable population (mvp) for capercaillie was defined as 500 birds, the minimum area for the mvp in the Black Forest as 500 km 2 (Storch 2000; Suchant 2002 ). 30  10  20  10  66  50  30  50  17  33  17  76  83  22  70  23  47  23  86  117  14  100  33  67  33  100  167  0 5. The minimum proportion of optimal habitat required by the target species has to be defined. For capercaillie it amounts to 30% (Storch 2000; Angelstam 2002; Suchant 2002) .
Box: The population/habitat quality area -index
The relationship between the percentage of optimal habitat, the size of the minimum viable population (mvp), and the size of the landscape ecological habitat potential, is expressed by a socalled "population/habitat quality" area index (Suchant 2002 ). This index is based on the relation between home range size and the required proportion of suitable habitat: if the home range size is below 20 ha, 100% optimal habitat is required (Gjerde & Wegge 1989 ), if it is bigger than 100 ha, optimal habitat must be given on at least 30% of the forest area (Storch 1997) . Based on the investigations of Wegge & Rolstad (1986) , Klaus et al. (1989) and Swenson & Angelstam (1993) , the required proportion of optimal habitat is assumed to be reciprocally proportional to the home range size (within this range 20 ha-100 ha). If the home range size exceeds 100ha, the proportion of suitable habitat converges to a threshold value of 30%. This threshold is the result of studies conducted by Storch (2000) and Angelstam (2002) and is supported by the habitat structure analysis. Figure 10 shows the relation between the area of the habitat potential, the size of mvp and the proportion of required optimal habitat. The larger the area of the habitat potential is, the smaller the percentage of optimal habitat structures has to be. Or, the higher the mvp is, the higher the percentage of required optimal habitat structures becomes. That index also allows to determine the proportion of area with suitable habitat structures if the amount of required optimal habitat increases; e.g. if the landscape ecological habitat potential would be smaller for a given mvp (see Table 4 ).
6.
Next, the proportion of the existing suitable habitat area must be determined. If the proportion is lower than the required amount of optimal habitat (at least 30% for capercaillie in the Black Forest), habitat improvement measures have to be planned and implemented. 7. Target values of specific habitat structure parameters have to be defined, that help to estimate the proportion of optimal habitat and provide a basis for the development of management plans. The target values are to be related to the total proportion of suitable habitat that is required by the target species (Table 4) .
Using the methodological steps described above, a habitat management model could also be derived for chamois if the results of a multidimensional habitat analysis were available. While the WELT can be generally used for all wildlife-related management decisions and plans, the LEHP model and the evaluation of the habitat mapping must be conducted for selected species. The habitat management model requires continuous monitoring of the selected species in representative test areas in order to validate the habitat management directives in areas that were not mapped, and to assess the success of the measures taken to improve the habitat. As the habitat requirements of the chosen species, capercaillie, also represent a biocoenosis rich in species and structures, it can be assumed that the improvement of habitat also improves the degree of biodiversity in these forests.
Discussion
Modern wildlife management is confronted with immense problems arising from habitat loss, continuous land use-induced change of habitats, disturbance of and stress to the animals. Additionally, wildlife management plans must consider conflicts among different Figure 10 . Relationship between mvp, landscape ecological habitat potential (LEHP) (ha) and the required proportion of suitable habitat (mvp100 = minimum population of 100 birds, mvp200 = 200 birds…). Example: with an area of usable LEHP of 30 000 ha and an aspired mvp of 500 birds, a minimum proportion of 60% suitable forest area is required. types of land users. Therefore, integrated concepts are needed (Putman 1996; Reimoser et al. 1997) . Especially in forests, wildlife management tackles problems related to high densities of deer, which often lead to immense damages done by herbivores (Abderhalden & Buchli 1996; Ammer 1996; Reimoser et al. 1997; Bradshaw et al. 1998; Suchant et al. 1998) . On the other hand, problems arise in the cases of rare species which may be threatened by extinction. Negative effects on biodiversity are the consequence. The Northern Spotted Owl (Strix occidentalis caurina) is a wellknown example (Swindle et al. 1999) . Not only the abundance of a species, but also the habitat itself can become the primary focus of wildlife management. Without doubt, the habitat can be understood as the key factor for the development of wildlife populations. To bear in mind the direct link between habitat quality and habitat change under the influence of forestry is one of the major challenges for wildlife managers (Angelstam 1992; Storch 1993; Short et al. 1995; Carlson 2000; Wardell-Johnson & Williams 2000) . Various methods have been introduced to assess and evaluate wildlife habitats within forests (Brennan et al. 1986; Hamel et al. 1986; Doan et al. 1997; Jones et al. 2002) . Many approaches neither clarify whether they address the habitat of a species' individual, a subpopulation, or even a metapopulation, nor do they explain the correlation between the habitat parameters. Furthermore, the habitat analysis is not linked to a wildlife management system, which should also be able to operate at larger scales. With the intent to eliminate these deficits, a multidimensional habitat analysis has been introduced, which considers different spatial scales, defines species-specific and scale-specific habitat parameters, and which provides thresholds for the availability of suitable habitats as target values for forest management.
The wildlife ecological landscape type (WELT) and the landscape ecological habitat potential (LEHP) provide the framework for wildlife management on the landscape scale. The methodological approaches taken here resemble those proposed by MacFaden and Capen (2002) . Although WELT is based on the a priori classification of growth areas in the federal state of BadenWuerttemberg, the characteristic landscape structures of each growth area were found to be fairly distinct and relevant to wildlife (Suchant & Baritz 2001) . However, it is suggested to continue to improve the WELT classifications by applying more recent remote sensing data on land use, as well as climatic data. It is expected that the delineation of WELT units can be validated and improved using a "bottom-up" aggregation of LEHP and representative habitat mappings in various WELT units. Applying WELT, the measuring and monitoring of ungulate effects, ungulate-vegetation interactions, and especially the management of ungulate herbivores, can be differentiated. For example, the reasons for damages caused by browsing within type 4.4 (woodlands with dense forest cover and undisturbed forest habitat) are likely to be different from those within type 3 (multi-functional, mixed land use areas with a high degree of fragmentation). The WELT map classifies the complex wildlife habitat system on the broadest scale of a wildlife management system.
The LEHP model represents a simple method to analyse the species-specific value of landscape ecological parameters. The selection of these parameters is limited and may miss important factors such as the abundance of predators. However, the overlap of the LEHP for capercaillie and the actual and historical abundance of capercaillie (investigations of intact and deserted lekking places in the eco-region "Black Forest"; see also Suchant 2002 ) confirms that the model used here does reflect the most dominant landscape parameters. The differences between the LEHP and the actual abundance of the target species can be caused by population dynamics and/or anthropogenic influences (e.g. change of habitat structures by forestry or hunting regime). The chamois population for example is immensely influenced by the impact of regulatory wildlife management: inside the designated areas for chamois management, the local population is kept as large as browsing pressure and silvicultural objectives (successful natural tree regeneration) allow for. Outside that area, no hunting restrictions apply. Therefore, the hunting regime could explain the discrepancy between habitat potential and current abundance to a large extent. However, it can be expected, that investigations of the habitat structure on the local scale (level 3 and 4) provide further insight into the key factors for a species' habitat use.
The large-scale information generated by WELT and LEHP serves as a foundation for the integration of wildlife aspects into regional planning and aims to reduce conflicts between different land using parties, e.g. between foresters and hunters concerning damage by ungulates. However, the wildlife ecological habitat system requires more detailed information about the species-specific migration patterns between habitat patches, especially in highly fragmented and disturbed landscapes.
While the landscape scale approach of the habitat analysis is already fairly common in modern wildlife research (Hagan & Mehan 2002; Martin & McComb 2002) , the first step of the habitat analysis, which classifies the habitat conditions on a macroscale, is usually left out. Also, on the local scale, species-specific habitat requirements are often well-investigated and incorporated into models in order to describe the complex species habitat system (Brennan et al. 1986; Hammill & Moran 1986; Carlson 2000; Jones et al. 2002) . However, both approaches are not combined, and the basic questions of the manager persist: what measures to plan and where to implement them.
The results of the habitat structure analysis on the local scale provide the basis for the localisation of management -relevant areas: Assessing the habitat suitability for capercaillie (see Figure 8 ) enables the identification of forest stands with deficient habitat conditions and as a result the development of specific management strategies (e.g. thinnings, necessary because of dense conifer regeneration in the summer habitat). Moreover, conflict reducing strategies can be implemented (e.g. the transfer of a Nordic skiing trail close to a mating area into adjacent, less-inhabited forest stands). Regarding chamois, the delineated forest patches providing winter forage (Figure 7 ) also represent areas where regeneration is potentially vulnerable to browsing damages induced by chamois in winter, which allows the design of silvicultural measures and regeneration protection plans. In addition, the widespread availability of forage, which was found in the test area, can support the decision-making with respect to the feeding of chamois in winter (a common practice among private hunters).
In order to develop a decisive model, it is necessary to define target values and thresholds. Most of the level 4 structure parameters, necessary to assess the habitat conditions, can be adopted from the regular forest inventory mappings with little or no additional mapping effort. The method assessing habitat structure parameters from and defining target values for the forest inventory was especially designed for forest planning and silviculture. It is the first method that is not restricted to single forest stands on the local scale. Instead, the habitat structure for a forest stand mosaic is evaluated so that the requirements for wildlife management on the population level can be met. The minimum size of the investigated forest stand mosaic corresponds to the average habitat range of a given species (capercaillie: 100 ha), and leads to a map scale related to the size of a forest district (800~1,000 ha in the Black Forest) if several individuals are being considered. In the Black Forest it was not necessary to investigate the forest stand mosaic itself (distribution of suitable structures), because a random distribution of structures (age classes, species composition types of forest stands and of the ground vegetation, canopy closure classes) was always found to exist in the study areas. This structure might be typical for managed forests with relatively small management units and pattern of forest ownerships and is different from natural forests. The quantification of habitat structures therefore could be directly related to forest management units which offers the possibility to develop specific management directives aimed at improving the habitat. However, habitat improvement plans and measures are only expected to be successful in areas that belong to the LEHP.
In order to evaluate habitat conditions on different spatial scales and to link the results to practical habitat management the proposed methodological steps were combined to a "multidimensional" habitat management model, that is characterised as follows:
• consideration of different spatial scales, for the species (individuals, subpopulation, metapopulation) and for the habitat (local, landscape), • hierarchical integration of scale levels (depending on the home range of the target species and administrative units), • development of species-specific target values/ thresholds for a population (minimum viable population, required habitat area for such a population) and for the habitat condition (proportion of suitable/unsuitable habitat), • selection and quantification of structural key parameters which describe the "optimal habitat" and which become operational basic values for wildlife management.
The model presented here uses capercaillie as an example, however, the basic methodology can be applied for other species as well. The model does not only contain habitat descriptions, but offers quantitative targets in order to allow its application in management plans. As an integrative approach is only feasible if anthropogenic target values and ecological implications can both be successfully included into the model, land use management is linked to habitat improvement and monitoring.
Conclusions
Wildlife management today needs an immense amount of detailed data in order to enable sustainable and lowimpact management of wildlife ungulates, as well as to protect endangered species through integrated concepts. This study puts forth a new empirical approach of a habitat management model, which is based on the concept of a multidimensional habitat analysis. The approach considers different local and wider landscape scales. The WELT provides the landscape ecological framework for wildlife management. Within a WELT unit, wildlife management plans have similar landscape ecological and land management-related general conditions. Combining landscape parameters that relate to particular species, the LEHP defines areas where the landscape ecological potential for suitable habitat is higher than outside the LEHP due to the landscape's conditions. To some extent discrepancies between the actual abundance of the target species and its LEHP might depend on the quality and the data resolution of the model, but can also be expected as a consequence of population dynamics or anthropogenic influence on habitat structures on the local scale. It can be assumed that present and historical land management measures have substantially altered wildlife species' habitat conditions and patterns of habitat use. Habitat conditions are continuously changing because of management. This requires a management system that consists of local scale habitat evaluations and a species monitoring program. The habitat affinity and the locally varying driving factors (e.g. predator pressure, visitors) change as well, so that a permanent monitoring and assessment of success is required. If isolated management approaches are to be prevented, the habitat requirements of the target species and the current habitat conditions must be considered. The habitat management model for a selected species provides thresholds, determining how much suitable habitat is required for a given target area, mvp size and mvp-required area, and identifies specific habitat parameters that can be managed, e.g. in silvicultural habitat improvement concepts.
